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A number of specialy appointed speakers were invited by the Pilot Study directors and by the
meeting host. Papers or summaries of these presentations are given in the following in the
chronological sequence in which they were presented at the meeting.

ENGINEERING FOR SUSTAINABLE DEVELOPMENT — AN OBLIGATORY SKILL OG THE FUTURE
ENGINEER
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Introduction

In the last few years it has become clear that our present industrial production and consumption
culture is facing dramatic changes in the future due to:

- pollution and waste problems

- non-renewabl e resource consumption

- rapid growth in world population

The devel oping countries are fighting poverty and health problems and we have no choice but to
support their struggle for economic growth, which is a prerequisite for a more stable world.

Our best contribution isto develop a new sustainable industrial culture, which can be scaled up
by afactor of 5— 6 compared to the present level without creating unacceptable environmental
and resource problems. The term sustainability appears more and more often in literature, public
debates, as research issues, etc., but it is used in many different meanings. Broadly, the content of
the term is determined by the different value criteria of the various interest groups around a
company (share holders, suppliers, employees, local community, national and international
community, political interest groups etc.). A closer study of these criteriaresultsin the conclusion
that the term sustainability includes the three main responsibilities:

- economic

- environmental

- socia/societa

The economic responsibility has for many years been the dominating one, but in the last few
years the environmental and the social/societal responsibilities are surfacing more and more to
parallel the economic responsibility. These responsibilities are interlinked and all have a major
influence on business opportunities.

Product Life Cycle Management

In the last few years the environmental focus in industry and legidlation has shifted from the
production processes to the products themselves throughout their entire life cycles (material
extraction, material production, product production, usage and disposal). Thisis due to the fact
that environmental impacts are created in all life cycle phases. Therefore, it is necessary both
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from an environmental and resource viewpoint as well as from a business viewpoint
(manufacturer is responsible for the whole life cycle) to consider the product’slife cycleina
holistic way with the aim of optimising the product performance. [1]

For this purpose a product life cycle management (PLCM) system should be adopted. Table 1
shows the main elementsin a PLCM system and each company will have to — based on its own
market and objectives — adopt these elements to its own management structure.

Table 1. Main elementsin aPLCM system

Element Purpose

A. Strategic Integration in the management structure

management issue

B. Lifecycle Environmental focus; product devel opment; documentation;
assessment (LCA internal & external communication

C. Lifecycle Definition of business objective, engineering methods and
engineering (LCE) activities to support all product life cycle issues

D. Lifecycle Information flow and data to support life cycle management
information (LCI)

E. Technologica Monitoring technological developments

plat-forms

Each of the elementsin the PLCM system will be discussed in the following.

A strategic management issue

It is atop management responsibility to ensure that the company has full awareness and
knowledge of the products' life cycles and the consequences they have in all life cycle phases
(environmental impacts, resource consumption). The company must clearly define its business
objectives seen in relation to the products' life cycle and identify and describe the interaction and
transfer between the “owners/partners’ of the product initslife cycle phases. Introducing the
PLCM will ensure that the company has all the necessary documentation of the products to be
used internally as well as externally (interest groups, authorities, purchasing, marketing, etc.). It
isthe responsibility of the management to have full knowledge of the products and their
consequencesin al life cycle phases, and to show how they are dealing with these consequences.

Management focus on the subject will in itself create a better performance, but introduction of the
necessary engineering methodol ogies/tools in the various company functions will provide more
significant results.

It is necessary that the PLCM system isintegrated in the overall company management system.

Life cycle assessment of products

As mentioned previously, the environmental focus has shifted from the manufacturing processes
to the products themselves in their life cycles. For this purpose a methodology for assessing
environmental impacts and resource consumption associated with the existence of products
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throughout their entire life cycles has been developed. It iscalled LCA (Life Cycle Assessment)
and is aresult of many years of international scientific development. The procedure is now being
documented in the | SO standards:

14040 Principles and framework (1997)

14041 Goa and scope definition, inventory (1998)
14042 Life cycle impact assessment (draft, 1999)
14043 Life cycle interpretation (draft, 1999)

SETAC (The society of Environmental Toxicology and Chemistry) has made important
contributions to the methodology development.

Based on the LCA the environmental focus for the product development can be established and
design guidelines can be developed. LCA results can be used for various purposes both internally
aswell as externally.

Lifecycle engineering

The term life cycle engineering is used to cover the activities, methods and tools that are used to
develop the products for their entire life cycle. The main issues are:

- business objective

- life cycle design/design of life cycle

Business objectives (new opportunities)

It is very important that a company very clearly defines its business objectives. Hereit is
important to recognise that the physical part of many products is becoming a smaller and smaller
part of the value chain in a product’ slife cycle. The service parts are increasing and the company
must decide what is its business objective:

- the product

- the function/service of the product, i.e. maintain control of the life cycles

- after sales service, maintenance, online monitoring/maintenance, availability

- take back (to remanufacture)

The life time of the product is determined based on the objectives. It must be remembered that
the product manufacturers are responsible for the impacts and consequences of the productsin
their entire life cycle, and therefore it must be investigated if this also meansthat it is
advantageous to make usage and disposal part of the business. It isimportant that
“ownership/responsibility” for the different parts of alife cycleisvisible and that the partners
having ownership optimise their collaboration.

New business objectives may arise seen in the product life cycle perspective and new
technol ogies (micro/nano/sensor technology, telecommunication, supply chain management, etc.)
may offer possibilities of realising these.

Life cycle design
When designing the product for al life cycle phases, it isimportant to optimise its total
performance. Many issues/requirements have to be considered at the design stage, here mainly
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environmental and other life cycle related topics are mentioned. These topics must be balanced
against all other product requirements.

Design for environment

Based on the life cycle assessment it is found what the problem is (effect potentials, main
contributors, etc.). The designer can now look at what can be changed (materials, processes,
functional elements, structure etc.) and what the environmental improvements are. Seen from the
costs and the competitive position of the product, it must be decided which improvements should
be implemented in the new product. Design rules may be developed based on the LCA results,
for example energy reduction in usage, certain materials preferred, avoid following chemicals,
etc.)

Design for X
Many other environmental and life cycle related issues have to be dealt with at the design stage
and they can be listed as design for X. The following design issues (X) must be considered:

- distribution including packaging and transport

- installation (facility requirements, self-integration, plug & play function, etc.)

- maintenance (self-diagnosis, self-repair, online services, monitoring, teleservices,
upgrading etc.)

- ease of manufacture (materials, processes, assembly etc.)

- remanufacture (reuse/repair, dismantling, recovery)

- take back (reuse in new products, upgrading, downgrading etc.)

These design considerations are very important and their contents depend on the type of product
and on the defined business concept.

Product life cycle information

Information supply and communication among the different life cycle partners is an important
aspect. Information has to be provided regarding design, materials, processes, components,
service concepts, operating strategies, etc. A product state model must be devel oped
accumulating all information about a product at the present time. This enables documentation of
the product, service and operating manuals, usage information and disposal information.

For many products it will be of value at any life cycle state to have accessto all data.

Therefore questions about:

- product data management (design data, LCA data, production data, maintenance/repair
data, etc.)

- database (structure/access)

- tele-/multimedia services (installation, plug & play, monitoring, online services, diagnosis,
repair, etc.)

must be answered.

It could be considered to have the product itself carry the information in a chip. The coming
sensor technology also enables easy data collection. It seems that the possibilities in the modern
communication technology will provide new and advantageous solutions.
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Technological developments/technology platforms
The technological development is progressing very fast, and it is mandatory that the company all
the time closely monitorsits technological platform to ensure the full potentials of its products.

Typical trends are;

- miniaturisation of products (saving energy and resources)
- micro-/nanotechnology (sensors, functional units)

- new materials and processes

- information technology

- networking

- virtual reality/virtual enterprise

- telecommunication

- plug & play software

- better energy efficiency in functional units

- communication capabilitiesin functional units

- production is becoming a project in the product life cycle

These trends show that many new possibilities are presented to the companies and it is important
that the company always has an updated technology platform combined with an updated business
objective.

Conclusion

The presentation indicates that the technical contribution to sustainability is closely linked to the
life cycle perspective, and that large improvements compared to the present situation can be
obtained.

Product life cycle management is an important tool that focuses the company’ s attention on the
business objectives seen in the product life cycle perspective as well as on al activities that
optimise the co-operation between the life cycle ” owners”.

Life cycle engineering covers methods and tools to support devel opment, manufacture, usage and
service and disposal of products to optimise business and sustainability.

References
[1] E. Westkémper, L. Alting & G. Arndt: ”Life Cycle Management and Assessment”, CIRP
General Assembly, Sidney, Australia, August 2000

[2] H.Wenzel, M. Hauschild & L. Alting: ”Environmental Assessment of Products’, Kluwer,
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M EMBRANES IN PROCESS INTENSIFICATION AND CLEANER PRODUK TIONS
Enrico Drioli,

Institute on Membranes and Modelling of Chemical Reactors - CNR,

and Department of Chemical Engineering and Materials,

University of Calabria, Arcavacata di Rende (C9), Italy.

Introduction

Research progresses in Chemistry and Chemical Engineering have been made during the last
decades with important contributions to the industrial development and to the quality of our life.
Aninteresting case is related to the membrane science and technology continuous impact to
innovative processes and products, particularly appropriate for a sustainable industrial growth.
Reverse osmosisistoday awell recognized basic unit operations, together with ultrafiltration,
cross-flow microfiltration, nanofiltration, al pressure driven membrane processes. Already in
1992 more than 4 millions m3/day were the total capacity of RO desalination plants and in 1995
more than 180.000 m2 of ultrafiltration membranes were installed for the treatment of wheys and
milk. In early 2000 the overall desalinated water produced worldwide by RO is overcoming the
amount produced by thermal methods.

The concept of asymmetric structures realized with composite polymeric membranes made
possible in the early 80s the separation of components from gas streams. Billions of cubic meters
of pure gases are now produced via selective permeation in polymeric membranes.

The possibility of combining in asingle step amolecular separation with a chemical conversion,
realizing a membrane reactor, is offering new important opportunities for improving the
efficiency of important productive cycles particularly in biotechnology and in the chemical
industry. In September '97 five large petrochemical Companies made public their alliance for a
research project devoted to the development of inorganic membranes to be used in the syngas
production. This action came in parallel to the announcement of a 84 million dollars similar
project, partly supported by the DOE in the USA, having Air Products and Chemical Inc.
working together on the same objective. The availability of new high temperature resi stant
membranes and of new membrane operations as the membrane contactors is offering aimportant
tool for the design of alternative production systems appropriate for a sustainable growth.

The basic properties of membranes operations make them ideal for arationalization of the
industrial productions; the fact they are athermal, (except membrane distillation) and don't
involve phase changes or chemical additives, simple in their conception and in their operations,
modular and easy in their scaling up, suggests significant reduction in energy consumption with a
potential more rational utilization of raw materials and recovery and reuse of by-products. The
membrane technologies, compared to those commonly used today, respond efficiently to the
requirements of the so-called "process intensification”, because they permit to bring drastic
improvements in manufacturing and processing, substantially decreasing equipment-
size/production-capacity-ratio, energy consumption and/or waste production and resulting in
cheaper, sustainable technical solutions.

The potentialities of redesigning innovative integrated membrane processes in various industrial
sectors characterized by low environmental impacts, low energy consumption and high quality of
fina products have been studied and in some cases realized industrially.
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Interesting examples are in the dairy industry or in the pharmaceutical industry. Research projects
arein progress, in the leather industry or in the agrofood industry based on the same concept.

Membrane Operations

It can be said that the existing membrane technology covers the widest spectrum of applications
than any other single separation technology. In table 1 are summarized the most relevant
processes and some examples of their mature applications.
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Table 1. Applications of membranes operation in someindustrial branches

Branch Examples of matured implementations Process
Chemistry Concentration and recovery of substrates, catalyst’s recycling, | RO, NF,
removal of organic components from water solutions, UF, MF,
fractionation of hydrocarbons, crystal cleaning, recovery of PV, ED,

cleaning agents, emulsion break-up, recovery and DL

concentration of polymers, filtration of amines and glycols,
purification and concentration of acids, purification of

glycerin

Petrochemistry Fractionation of hydrocarbons, wastewater treatment, fuel PV, MD
dewatering, separation of azeotropes

Paper industry Recovery of chemicals and reagents: pigments, chelating RO, NF,
agents, emulsifiers, latex, defoaming agents, neutralization of UF, MF
wastewater

Textileindustry | Recovery of ail finish, polyvinyl alcohal, latex, dyes and RO, NF,
detergents UF, MF

Leather industry | Recovery of tannin agents and chemicals from unhairing baths| RO, NF,
and tanning baths UF, MF

Electronics Preparing of ultra-pure water for flushing of integrated RO, NF,
circuits, air filtration, water recycling UF, MF

Metal industry Regeneration of cooling emulsions for cutting, rolling drilling,| RO, NF,
etc, separation of condensates from compressors, UF, MF

neutralization of galvanic wastes, recovery of oils and greases
from degreasing baths, concentration of washings with diluted
electrophoretic paints

Transport Removal of oil from washings after cleaning of transportation | UF, MF
means and tanks

Energetic Water softening, decarbonization, removal of radioisotopes NF, RO,

UF

Fuel Manufacturing of ethanol from cellulose and starch, methane UF, GS
from agricultural and municipal wastes, hydrogen and
hydrocarbons

Food industry Recovery of proteins from animal and plant by-products, UF, MF

recovery of proteins from plants, soybeans, potato juice during
starch manufacturing, desalting of vegetable dye,
concentration of pectin and gelatin, cold sterilization of

products
Sugar industry | Sugar refining, molasses removal, purification and RO, NF,
concentration of cat and cane juice UF
Beverages Clarification of juices, syrups, wines spirits and liquors, RO, NF,UF

concentration of fruit and vegetable juices, purification of
organic acids, glucose and fructose. Cold sterilization of beer,
wine and spirits

Diary industry Sterilization of milk, concentration of skim milk and whole MF, UF,
milk during cheese making and powdered milk production, ED
milk desalting, concentration of sweet and sour whey,
manufacturing of protein concentrates from milk, recovery of
lactose from whey
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Table2
Sales of membranes & modulesin various membrane processes

Membrane Sales1998 | Growth

process [MioUS$] | [% p.a]
Dialysis 1,900 10
Microfiltration 900 8
Ultrafiltration 500 10
Reverse osmosis 400 10
Gas exchange 250 2
Gas separation 230 15
Electrodialysis 110 5
Electrolysis 70 5
Pervaporation >10 ?
Miscellaneous 30 10
Total 4,400 >8

Membrane operations shown their potentialities in molecular separations, clarifications,
fractionations, concentrations, etc. both in liquid phase, gas phase, or in suspensions.

They cover practically al existing and requested unit operations used in process engineering. All
the operations are modular, easy in their scale up and ssimplein their plant design. No moving
parts; working totally unattended; lower cost; operational flexibility and when necessary,
portability are other important aspects.

Several examples of successful applications of membrane technology as alternative to a
traditional process may be mentioned.

The use of ion exchange membrane cells in chloro-soda production represent an interesting case
study for analyzing the potentialities of membrane operations and one of the first success of their
electrochemical application in minimizing environmental impact and energy consumption.

The success of this process suggested recently another interesting applications still based on
cation transporting membranes as Nafion: the anhydrous electrolysis for chlorine recovery.

The recent development of nanofiltration and low pressure reverse osmosis membranes with
interesting selectivity and fluxes, higher chemical and thermal resistance has been rapidly utilized
for realizing innovative processes in various industrial sectors.

An interesting case studied in Italy is represented by the lopamidol preparation in the
pharmaceutical industry.

Also the integrated membrane processes proposed for the chromium recovery in the leather
industry and the treatment of secondary textile effluents for their direct reuse, show efficient
applications of nanofiltration and low pressure reverse 0Smosis operations.

In addition to the already mentioned membrane operations, gas separation, pervaporation and
some others membrane processes which are showing in the last years significant potentialities for
their application in various industrial areas must be cited; among these a class of membrane based
unit operations (already known membrane systems and new ones) identified as membrane
contactors, membrane bioreactors and catalytic membrane reactors.
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APPROACHESTO CLEANER PRODUCTION IN ECONOMIESIN TRANSITION — THE RESULTSAND
PERSPECTIVES OF THE CLEANER PRODUCTION CENTRES

Vladimir Dobes

Czech Cleaner Production Centre

Cleaner production is concept, which reflects general trends in environmental management:
- Increasingly clear limitation of environmental effectiveness and economic inefficiency of
end of pipe solutions
- Increasing need for dematerialisation and increase of efficiency of processes, products
and services
- Increasing need for avoidance of use of toxic materials
- More clear need for integrated and holistic approach to environmental protection.

These are trends, which are already starting to be reflected in new environmental policies and
regulations worldwide (in Europe for example EC directive on Integrated Pollution Prevention
and Control). Thereis also a broad understanding that these trends should be reflected in
transformation of economiesin transition and in restructuralisation of their industries as well.

Donor programs

The above mentioned trends together with high potential for reducing pollution through increased
efficiency of industrial processes in economiesin transition (CEEC’s) were one of the reasons
why there were launched different donor programsin this field. Programs were focused on
implementation of preventive environmental management in CEEC’s starting at beginning of
nineties. These programs were at the beginning fully donor driven.

Practical implementation of preventive approach was promoted under different terms like cleaner
production, pollution prevention, waste minimisation or clean technologies. We will utilise term
cleaner production in this paper to refer to all these approaches and methodol ogies.

We can distinguish two basic approaches® in launching these programs:

1) Demonstration of technology — programsin field of direct assistance to concrete
industrial branch and/or individual enterprise to solve concrete problem through
technology transfer focused mainly on demonstration of hardware. This approach has
impact mainly in innovation of equipment.

2) Demonstration of methodology — programsin field of capacity building with focus on
training of trainers on demonstration projects in industry. This approach has impact
mainly in developing local technical assistance, lecturing and managerial capacities.

The programs were normally mixture of these two approaches. They have created many concrete

proj ects demonstrating double benefit of preventive environmental management in industrial
enterprises (for example see enclosure, table 1).
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Results and impacts

The programs were successful concerning their goals to demonstrate potential for cleaner
production and to train domestic professionals in cleaner production (CP) methodology. There
are being often discussed two problems related to these programs, which are interesting for our
discussion.

Thefirst is connected with reliability of presented results both in terms of environmental benefits
and economic evaluation of measures. This was problem especially in cases in which the reports
were developed by enterprise staff without reliable independent verification. However, we can
seeit also in cases in which international consultants developed reports without deeper
guestioning of data provided by enterprises.

We do not see this as a fundamental problem for two reasons:

- We have seen the not accurate presentation of results to vary on both sides (being higher
or lower) and we estimate that the real theoretical results will bein sum corresponding
with the presented ones. This difference is caused both by intentional and not intentional
miscal culations and enabled by complexity of cleaner production measures. These
measures have impact on different costs within and outside production process. We can
state that many savings are omitted just because of poor identification of all aspects
influenced within total costs assessment.

- There were aready some improvements done in this area (for example verification of
results through opposition of enterprise top management which has to pay percentage of
savings from implemented measures and is therefore committed not to exaggerate the
results).

The second problem, which we consider more serious, is problem of implementation of proposed
measures, poor maintenance of implemented measures and lack of follow up actions. Many
evaluation programs reported limited and or no follow up of activitiesimplemented in enterprises
after the external assistance is over. Enterprise managers perceived CP as tool, which is difficult
to integrate into enterprise management and daily practice. Thisis especially perceived in
situation in which enterprise face day by day survival problems (and thisis normal situation of
most of CEEC’s enterprises). Thereisaquestion if there are not the survival problems of these
enterprises caused among others by lack of good strategical and preventive management and poor
management of material and energy flows.

To understand better the second problem it is useful to make closer look on enterprises, which
were successful in maintaining CP program ongoing after the external assistance was over. There
were some common features like:

- management committed to strategical development of enterprise

- effort to involve employees into improvement of enterprise performance

- system approach to enterprise management and understanding importance of continuous
improvement
integration of CP with other activities within enterprise.
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Concerning the question of general success of the donor programs we can conclude that the
existing results proved and very well demonstrated that there is a high potential for double
benefits from cleaner production measuresin all different sizes and branches of industry.

On the other hand it become clear that it is much more difficult to achieve a broad spread of CP
in respective countries than originally assumed. Training and demonstration does not lead to
integration of CP into daily practice of industry and other stakeholders on its own.

Cleaner production centres

Some donor programs, which were aiming at broad integration of cleaner production into the
industrial environmental management in target countries, introduced into their programs
establishment of cleaner production centres (here we use term cleaner production also in its
general meaning referring to al types of centres with different names).

The general purpose of these centresis not only to organise training and demonstration but also
to go beyond demonstration and play key role in sustaining cleaner production programsin
country after the international assistanceis over.

We can distinguish two basic types of centres with understanding that the real centres are
normally mixture of these two types:

1) Commercial consultant

The main functions of such a market driven centre are to provide information, training and
technical assistance to industry and other stakeholders in such away that this service recoversits
costs and make it financially self sustaining. We can see that the successful centres, which have
had this mission, are today operating as consultancy firms.

The main limitations here are:
- These centres are in order to survive in competition pushed by market to focus more and
more on activities which are far from promotion of cleaner production.
- They areforced by market to keep their know-how for themselves to be able to sell it to
their clients and therefore there is very limited or no multiplication effect.

2) Subsidised promoter

The main functions of such amission driven centre beside basic promotional activities, training
and technical assistance includes broad dissemination of the concept to different stakeholders,
providing platform for cooperation of stakeholders, providing policy advice and facilitating
establishment of financial mechanisms for investment needing cleaner production measures.

The main limitations here are:

- Donors and governments in CEEC’s are not committed for long-term financing of basic
operation of any organisation even with very useful mission.
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- Fully subsidised services are not so motivating both for providers and clients (thereis a
general perception in many CEEC’ s that what is free of charge is not valuable).

Critical success factors

The centres, which survived and succeeded to keep their mission of focal point and source of
know-how in field of cleaner production in their countries, are having features of both subsidised
promoter but also of commercial consultant. The survival challenge for them isto keep revenue
generating activitiesin field of cleaner production to be able to maintain their promotional
functions. Other common strategy is to rise project based funding for the promotional activities.

There are some factors that we see critical for successful implementation of mission of cleaner
production centres. They areillustrated on case of the Czech Cleaner Production Centre? in the
enclosure.

1) Tobuild critical capacities within all stakeholder groups so that they can continue
implementation of cleaner production on their own.

Completion of thistask is crucial for fulfilling the centres mission. We have to stress that the
centre creates through this its own competitors. To cope with this challenge, the centre hasto
integrate the next success factor.

2) To be source of new know how in field of cleaner production in the country.

Asthe yesterday pilot activities are becoming standard ones and different stakeholders feel their
ownership, centre can refrain from continuing in their direct implementation and has to come
with something new what will be new interesting product to be spread.

This challenge is closely connected with experience that needs of enterprises are developing very
quickly. The offer of cleaner production centre should follow this demand and changing
conditions.

3) To develop demand for cleaner production.

Thisisthe last and most complex success factor. We have already stressed that cleaner
production programs in CEEC"s were donor driven at the beginning. We can see a slow-down of
process of promotion of cleaner production in many CEEC’s due to alack of domestic driving
forces. Donors are withdrawing and new driving forces are not in place yet. These driving forces
should be related to demand of local stakeholders, mainly governments and industry and should
be reflected in relevant policies. For example investors or owners could play adriving role as
well, however, there are not many precedents here yet.

Thereis alarge set of tools, which can promote cleaner production to industry and create needed
demand, which would utilise and enlarge cleaner production capacities developed within the
initial programs. These tools can vary from soft information tools to compulsory systems, which
work on principle of public access to benchmark information, or from market based economic
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tools to normative regulation based (for example on consideration of best avail able techniques
within permitting system under Integrated Pollution Prevention and Control).

Commitment of governmentsis crucial here. Many have for example different schemes for
support of end of pipe technologies. They can use cleaner production capacities for assessment of
cleaner production potential before investing into end of pipe measures. The size of these
measures and related investments would be significantly minimised as well as environmental
risks.

The final goal concerning policies promoting cleaner production is to integrate them into sectoral
policies. The “action ministries” are responsible for efficiency of their resorts and ministry of
environment can play mainly facilitating and coordinating role here.

Conclusions
We can conclude that:
- Basic capacitiesin cleaner production were already developed or their development
including establishment of cleaner production centres already started in many CEEC’s.
- CPprograms have surviva problemsin many CEEC stoday as the driver of donor
support is diminishing and domestic drivers are not in place yet.
- Governments and donors can play crucial role in establishment of self-sustainable cleaner
production programs in CEEC’ s through support of three critical factors mentioned
above.

This support includes at the beginning building of domestic capacities, especially of consultants
and lecturers. Institutionalisation through establishment of cleaner production centre proved to be
very efficient. Centre plays role of an independent promoter and focal point, which brings
different stakeholders together.

Development of new know how is very important as the next step. This can include for example:
- amendment of cleaner production methodol ogies, development of assessment tools etc.
- local authority cleaner production programs
- integration of cleaner production with quality and/or environmental management systems
- eco-design of products.

The third area of needed support isin field of governmental policies promoting cleaner
production. This includes for example use of cleaner production for introduction of integrated
pollution prevention and control or conditioning support for end of pipe measures by utilisation
of preventive potential.

Cleaner production centres can develop their financial sustainability based on mix of products
paid partly by clients and partly subsidised from public resources. This scheme often works only
on aproject base. This situation causes high uncertainty in centres strategical planning.

We can conclude that spread of cleaner production is an inevitable process considering the trends
described at the very beginning of the paper. Cleaner production centres and other initiatives
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promoting preventive environmental management play important role in lowering our loses
connected with slow adaptation of our processes, products and services to new demands.
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CRITICAL SUCCESSFACTORS

EXAMPLE OF THE CZECH CLEANER PRODUCTION CENTRE
Vladimir Dobes

Czech Cleaner Production Centre

The Czech Cleaner production centre (CPC) was established in 1994 as an independent not for
profit organisation within aframework of the Czech-Norwegian Cleaner Production Project. It
broadened its activities within the five-year support of the UNIDO/UNEP Program for National
Cleaner production Centres. CPC has headquarter in Prague and two branch offices in the Czech
Republic. It also created large pool of domestic lecturers and consultants who are being involved
in different cleaner production projects. Close cooperation with four universities secures training
capacities and integration of CP into curricula. Here follows description of selected CPC
activities related to the critical success factors presented within the paper.

Building capacities
In the first years of its existence the CPC has been focusing on technical assistance and training
with implementation of concrete projectsin industrial enterprises in the Czech Republic. Projects,
which constituted a core part of CPC activities, were carried out in the form of long-term training
courses consisting of lectures and the on-job training.

The results of these projects showed high potential for cleaner production in the Czech industry.
We present summary of the main results here to support statements given within the paper in the
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Table 1. We have to stress that the results does not include all benefits as they represent only the
first annual gains and they do not include for example avoided investments to end-of pipe
measures.

Environmental benefits (it is reduction of emissions, wastewaters, waste and dangerous waste)
were achieved by both non-investment good housekeeping measures and by investments, which
has typically a short to payback.

Tabel. 1. Summary of results of CP projectsin the Czech Republic

Y ear 1993 1994 | 1995 | 1996 | 1997 | 1998
Number of long-term projects 1 1 2 4 1 4
Number of participating firms 7 6 10 23 7 21
Number of people trained 27 31 64 74 21 71
Environmental effects

VOC emission reduced 0| 1982 151 335 10 237

(Ton per year)

Waste water reduced 0 5 7 907 | 3438 77

(Thousand m® per year)
Non hazardous waste 51| 9216 6481 413 30 630

reduced
(Ton per year)
Hazardous waste reduced 8172 110 1335 595 198 574
(Ton per year)
Financial savings at firms 9,7 30,5 43,9 | 103,9 205 | 39,1

(Million CZK per year)

Being resour ce of new know how

Regional projects

The most important new approach in dissemination of CP especialy to small and medium size
enterprises was development of projects in cooperation with municipalities, following model of
successful program ECOPROFIT Graz and closely cooperating with Stenum Graz developer of
the know-how.

Regional cleaner production projects make use of natural relationships among local enterprises,
state administration and self-government and other interested parties. All the local stakeholders
have common interest in the improving quality of environment in their city or region and in the
increasing competitiveness of the local companies. Projects are carried out in form of several-
months interactive course, in which 6-10 enterprises are involved.

After municipalities have seen the results of the projects there were committed to contribute
financially to their follow up. This was important contribution to sustainability of there projects
based on financing from local industry and municipality. A good example of fruitful co-operation
can be seen, for instance, in the established relationship with the National Network of Healthy
Towns.
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Integration of CP and EMS

Another important new know-how was integration of CP and Environment Management Systems
(EMS). The need for changes in management system to sustain CP program in enterprises was
clear already after implementation of the first projects. This proven to be one of the differencesin
comparison with enterprises in countries where the concept of CP come from. They could
integrate CP into functioning management system. However, we have found in our projects that
most of enterprises need to develop such a system and CP methodology alone does not provide
tool to doit.

EM S focuses on changes in the management system of enterprises and provides an appropriate
framework for the long-term implementation of the CP programme within them. CP methodol ogy
focuses on the optimisation of the operating system and represents atool for the continual
improvement of the enterprises environmental performance — the very purpose of EMS
implementation.

CPC started with integration of CP and EM S already in 1995 again with support of Stenum Graz
within the UNIDO/UNEP program. The first enterprise with the intergraded CP/EM S system was
certified against 1SO 14001 in 1997. First regional CP/EMSS project was implemented in 1998 in
three enterprisesin Zlin - in two municipal companies (Technical services and Water supplies
and sewerage) and a small building company. In 1999 another projects started in the co-operation
with Carl Bro (Denmark) in Roz nov following the EMAS standard.

The aim of CP demonstration projects is to show the benefits of CP and build professional teams
within companies so that they will initiate a process of continuous improvement of CP. Thisaim
istotally met only by those enterprises, which have integrated CP into their management system.

The principle objective of the CPC’s new projects is to develop a CP methodology, which will
integrate voluntary strategies in the environmental protection. A specia attention will be paid to
eco-design. The CPC will develop drafts of demonstration projects for individual production
branches and will focus on the environmental impact of their activities.

International projects

CPC amended methodol ogies, which are being used in other countries to the Czech conditions.
Acquired long-term experience and results of demonstration and training programmesin the
Czech Republic were the basis for assistance in building the base for cleaner productionin
Croatia during the period of 1997-1999 and in Uzbekistan during 1997-1998. The project in
Croatia was implemented in the framework of multilateral development assistance programme of
the Czech Government under the UNIDO/UNEP NCPC Programme.

Developing demand for cleaner production.
There were some important milestones in development of demand for CP through governmental
support in the Czech Republic. The first was establishment of CP Program at the State
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Environmental Fund. The program supports investment needing CP measures through soft loans.
CPC provides technical assistance to the fund within this program.

The Minister of Environment has signed the International Cleaner Production Declaration Within
the High Level Meeting of NCPC in Prague in March 1999.

The Czech government in February 2000 adopted the Governmental Decree on Cleaner
Production. Part of the Decree is the National Cleaner Production Programme. The Program
provides guidelines for each governmental sector. The adoption of the program started integration
of CP programs into development and implementation of policies of particular ministries.

The promotion of CP concept to governments is a process, which is for the time being in CEEC’s
very much driven by concrete individuals. In case of the Czech Republic the achievements
presented above were possible only because of strong commitment of concrete people at Ministry
of Environmental of the Czech Republic.

COMPUTER AIDED MOLECULAR DESIGN PROBLEM FORMULATION AND SOLUTION: SOLVENT
SELECTION AND SUBSTITUTION

Rafiqul Gani & Peter M. Harper*

CAPEC, Department of Chemical Engineering

Technical University of Denmark

DK-2800 Lyngby, Denmark

* Current Address: |P-SOL, Gentofte, Denmark

Abstract

A framework for the identification of environmentally benign and alternative solventsis
presented. The methodology for solvent design and selection contains multiple phases. pre-
design, design and post-design. A multi level CAMD method capable of generating a selection of
candidates meeting the required specification without suffering from combinatorial explosionis
presented and the entire framework isillustrated with a case study. The case study identifies
alternative solvents for Oleic acid methyl ester as replacements for Ethyl ether and Chloroform.
Keywords: Solvent, substitution, CAMD, group contribution, pollution prevention, process
synthesis

Introduction

One of the principal causes of pollution is the presence of a substance (or substances) in amounts
higher than the allowed maximum in one or more streams released to the surroundings.
Substitution of the polluting substance (or substances) by another that performs the same function
in the process but is environmentally benign is one way of dealing with such environmental
problems. Computer Aided Molecular Design, commonly known as CAMD, iswell suited to
solving this class of environmental problems (pollution prevention and/or treatment) because it
can design/find the candidate replacements more efficiently than other search techniques.
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Current applications of CAMD within this area have addressed environmental concerns and
constraints using simple property estimation methods based on the group contribution approach.
Also, most CAMD methodologies so far have designed relatively simple compounds by
collecting fragments into group vectors (Mavrovouniotis (1998) lists a series of examples with
referencesin hisreview of CAMD). While the generation of group vectors suits property
prediction using group contribution approaches, the generated compound descriptions do not
contain the additional structural details needed for the QSPR or QSAR methods, for example, a
3D representation of the molecular structure. It is therefore necessary to generate more detailed
molecular descriptions in the CAMD algorithm. In this paper, a process systems engineering
approach is applied to prevention and/or treatment of pollution through an integrated set of
computer aided tools.

Solution methodology

The method of solution for the compound design and selection problem is an iterative process
consisting of 3 phases. pre-design, design and post-design. The result of a successful completion
of the algorithm is alist candidate molecules. All the candidates fulfil the property requirements
set as design criteria.

Pre-design Phase

In the pre-design phase, the causes of pollution are identified together with the polluting
substances and their undesirable properties. Once the causes have been identified it is necessary
to formulate the strategy for solving (curing) the pollution problem. The routes of information
leading to the identification include simulation, engineering knowledge, regulatory requirements,
and observations of existing practices as well as changes in environmental policy.

CAMD can be used in the instances where the cure either involves the replacement of a process
fluid or removal of a pollutant by using a solvent based separation technique. In the case of
replacement solvents the general process equipment and operations have already been fixed and
the substitute must function in al of them. If the search isaimed at finding a compound for use in
aremoval (cure) operation there are additional degrees of freedom since the separation method
has not been fixed. In such cases different searches can be performed for the various feasible
separation techniques. Determining the set of feasible separation techniquesto consider isa
separate sub-problem involving process design techniques.

After the problem has been identified and a solution strategy selected the pollution prevention or
treatment problems are formulated in terms of desirable and undesirable properties. From an
environmental point of view it is obvious that the properties of interest include environmentally
related properties. It is however also necessary that the compound fulfils its operational role and
there are therefore additional specifications that depend on the type(s) of operation(s) the
compound isto take part in. A knowledge base is used to assist in the selection of the application-
related properties and their values.

Design Phase

In the design phase the identification of compounds possessing the desired propertiesis
performed by generating compounds matching the specifications. Thisis achieved by assembling
building blocks. The evaluation of propertiesis performed using predictive techniques. By
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combining fragments to form molecules awide range of compound can be generated and
screened.

The methodology used for the generation approach is a multi-level approach. The computational
complexity is controlled using two techniques: () Partitioning: by subdividing the generation
procedure into several successive levels with a screening step between each level (allowing only
the most promising candidates to progress to the next level) ensures that computational efficiency
ismaintained. (b) Feasibility: ensuring that only chemically feasible structures are generated not
only improves the quality and ease of interpretation and analysis of the results but also eliminates
the computational resources spent on false solutions. The method consists of four levels. The first
two levels operate on molecular descriptions based on groups while the latter two rely on atomic
representations (Harper, 2000). In outline form the individual levels has the following
characteristics:

Level 1

Inthefirst level, atraditional group contribution approach (generation of group vectors) is used
with its corresponding property prediction methods. Group vectors are generated using a set of
building blocks as input. The employed approach does not suffer from the so-called
"combinatorial explosion” asit is controlled by rules regarding the feasibility of a compound
consisting of a given set of groups (Harper, 2000). Only the candidate molecules fulfilling all the
requirements are allowed to progress onto the next level.

Level 2

At the second level, corrective terms to the property predictions are introduced. These terms (so
called second-order groups) are based on identifying substructures in molecules. At thislevel
molecular structures are generated using the output from the first level (first-order description) as
a starting point. The generation step of this level isatree building process where all the possible
legal combinations of the groups in each group vector is generated.

Level 3

In thethird level, molecular structures from the lower levels are given a microscopic (atomic)
representation by expanding the group representations in terms of the atoms each group is made
up from. This can generate further structural variations. Furthermore the conversion into an
atomic representation (including connectivity) enables the use of QSAR/QSPR methods as well
as structural analysis methods. The possibility of using QSAR/QSPR methods and structural
analysis significantly increases the applicability of CAMD in environmental applications since
many environmental properties are only possible to estimate using such techniques and the
available techniques are very specific with respect to the compound types they are applicable to.
As an added benefit the structural analysis enables the re-description of the candidate compounds
into other group contribution schemes thereby further broadening the range of properties that can
be estimated as well as giving the opportunity to estimate the same properties using different
methods for comparison.
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Level 4

In the fourth level the atomic representations from level three are further refined to include the
3D position of the individual atoms. This conversion gives the opportunity to create further
isomer variations (cis/trans and R/S) and is performed in away that the output is compatible with
most molecular modelling applications. Since property prediction using molecular modellingisa
task difficult to automate the estimation and screening process is done interactively.

Post-Design Phase

In the post-design phase, the final selection from the generated list of feasible candidates is made.
The final selection is done after careful analysis of the identified candidate molecules. Even
though the results from the design phase fulfil the property requirements there are properties and
criteriathat are difficult to handle using automated prediction methods. Examples of such criteria
and properties are: Availability, Price, Regulatory restrictions, Long term health effects, Detailed
environmental fate and Process-wide behaviour.

The methods used to assess the additional considerations include external databases as well as
other computational tools such as process simulators, environmental fate models and phase
behaviour calculators. Which tools to use depend to a large extent on the type of application the
compound is being designed for and the available range of applicable tools. After analysing the
candidate compounds the final candidates must be selected for experimental testing or rigorous
simulation. Regardless of the approach used for the selection of final candidates, the primary
function of CAMD — identifying a set of candidates having the properties needed for a particular
application - has been achieved.

Case study

The fatty acid ester “Oleic acid methyl ester” ((Z)-9-Octadecenoic acid, Methyl ester) isan
important compound in avariety of applications, such as: intermediate for detergents, emulsifiers,
wetting agents, stabilizers, textile treatment, plasticizers for duplicating inks, rubbers, waxes,
biochemical research and as a chromatographic reference standard (NTP, 1999). Reported pure
component solvents for Oleic acid methyl ester are: Diethyl ether and Chloroform (NTP, 1999)
with Diethyl ether being reported as the best solvent. While both of the reported solvents are
effective they also have unwanted properties. Diethyl ether is very volatile and flammable
(including the risk of formation of explosive peroxides) and Chloroform is a suspected
carcinogen. It istherefore desirable to identify alternative solvents that are safer and more
environmentally benign than the above mentioned.

Pre-Design Phase

Determine a solvent having the following characteristics. (a) Liquid at (ambient) operating
conditions. (b) Is non-aromatic and non-acidic (stability of ester). (c) Has low environmental
impact and poses limited health and safety problems. (d) Is agood solvent for Oleic acid methyl
ester.

The goals can be formulated as property constraints using the following values. Melting Point
(Tm) <280 K, Bailing Point (Ty) > 340 K.
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The requirement of low environmental impact can only be addressed in part using property and
molecular type constraints (non-aromatic compounds). The true environmental behaviour of a
candidate compound must be assessed in the post-design phase as part of the analysis. However,
it is possible to address some environmental considerations via a property constraint: (a)
Compounds must be acyclic and must not contain Cl, Br, F, N or S. (b) Octanol/Water Partition
coefficient (logP) < 2 (lower is better).

The determination of solvent ability towards Oleic acid methyl ester should ideally be calculated
using an activity coefficient approach. However, since the solute in question is quite complex and
very few predictive methods (e.g. UNIFAC, ASOG) are capable of handling large compounds the
solubility requirement is addressed using a solubility parameter approach. Based on the theory of
solubility parameters, a good solvent has a solubility parameter that is close to that of the solute.
In the case of Oleic acid methyl ester the solubility parameter is 16.95 (MPa)®>. The solubility
criteria than then be formulated as: 15.95 (MPa)®> < Solpar < 17.95 (MPa)°°

Design Phase
Using the formulated CAMD problem with the added constraint of only allowing two functional
groups in acompound (prevents generation of very complex and thereby expensive compounds)
the following results are obtained:
Inlevel 1 of the CAMD procedure 2691 vectors of groups were created. After screening
against the constraints 425 representations remained and were passed onto the next levels.
4593 molecular structures were created in level 2 based on the input from level 2. After
screening 1351 candidates were passed on to level 3.
No additional isomer forms were generated in level 3 and no screening was necessary (all
properties had been handled in level 2).
The final result from the CAMD approach was atotal of 1351 compounds.

Sage 4

In order to select the prime candidates from the 1351 alternatives obtained from the CAMD
solution an extensive analysis must be performed on the candidates. If only performance
considerations are taken into account (i.e. how close the solubility parameter matches that of the
solute) the following candidates are the most promising: Formic acid 2,3-dimethyl-butyl ester, 3-
Ethoxy-2-methyl -butyraldehyde, 2-Ethoxy-3-methyl-butyraldehyde.

A more rigorous analysis has been performed but cannot be reproduced here due to the page
limitation. The results are obtainable from the authors on request.

Conclusion

The algorithm outlined above provides an opportunity to solve pollution prevention and/or
treatment problems in a more rigorous manner since widely used and more accurate property
estimation methods can be used without sacrificing efficiency of the method of solution. This
enables the user to find solutions that not only protects the environment but also has a high
environmental benefit and/or process efficiency. The process systems engineering approach has
combined aspects of computational chemistry, property prediction and process design for the
solution of problems of current and future interest. A case study involving replacement of
solvents with environmentally acceptable substances has been presented.
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Abstract

This presentation will provide a general overview of severa initiatives we are undertaking in the
area of “Design for Environment” and our efforts to determine what “ Green Chemistry/Green
Technology” mean for our company. We will describe how we are using Sustainability Metrics
(Environmental), provide an in-depth review of our chemistries, and explain our use of Lifecycle
Inventory and total cost assessment (TCA) methods to answer the very difficult question of what
isreally "Green." Our findings to date suggest that no single methodology in isolation will yield
the "correct” or best result; rather, each different methodology informs the other and provides
different viewpoints and potential answers to many difficult questions. A lack of standardized
approaches to using these methodol ogies, and differences in impact valuation, present very clear
challenges as to how best interpret data and make sustainable business decisions. Preliminary
results will be presented to show the types of learnings that we are gaining as we have developed
our sustainability metrics, pursued a detailed lifecycle inventory of amajor drug product,
evaluated our chemistries,and collaboratively developed a TCA tool.

Summary of presentation

The presentation gave a brief overview of sustainable business practice at SmithKline Beecham
with focus on the Design for Environmental Tool Kit. The most effective ways to integrate
sustainable business practice are considered to be

Life Cycle Assessment
Total Cost Assessment and
Green Chemistry

How do you weave the sustainability into an every day business practice in a multinational
business? First of all, if you are not keeping score you are not acting. There avery different
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World Business Council on
Sustainable Development saysit’s
Eco-Efficiency Metrics
Seven Elements of Eco-efficiency
— Reducing the material requirements for goods and services
— Reducing the energy intensity of goods and services

~ Reducing toxics dispersion
— Enhancing material recyclability

— Extending product durability
~ Increasing the service ntensity of goods and services

-

Figure 1. Eco-Efficiency Metrics

paradigms for measuring. One of these are set by the World business Council as shown in figure
1. However, what we stress is that sustainable metrics are not environmental performance metrics
or eco- efficiency metrics. Under the auspices of American Institute of Chemical Engineers
Center for Waste Reduction Technologies, SmithKline Beecham together with other large
pharmaceutical companies and chemical companies has tried to define what sustainable metrics
means and what will be useful to the companies. One approach is to combine efficiency type
metrics with economic information. It isimportant to pick the right set of metrics. SB isworking
on moving the company from environmental performance metrics to sustainability metrics, see
figure 2.

Sustainability Metrics

One gpproach is to combine selected
efficiency type metrics with economic
information.

The economic information is a surrogete for
the social value aparticular good or service
might have. Thisapproach is demonstrated

with examples for mass and energy.

L

Figure 2. Sustainable Metrics

Why does SB want to design for an Environment Tool Kit? In essence, because of the nature of
our industry, it is very difficult to make substitute changes after a product isin production. The
company is highly regulated and if you make changes in the profile of i.e. a pharmaceutical
product you have to re-do clinical trials, which is very costly.

So if you want to make changes you have to do it when developing the product. We want atool
that can be used by the chemical engineers asthey are making their choices and highlighting
issues as early as possible, so you have the time to come up with appropriate solutions.

Life Cycle Assessment

Beside metrics we focus on whole idea of LCA, Total Cost Assessment and Green Chemistry.
However, the controversial issue of LCA isthe evaluation of impacts. We know what the impacts
are, but how the impacts are weighted is still a controversial question. At SB we are involved
with LCA in two areas

92



INVITED PRESENTATIONS

Packing

Pharmaceutical R&D
Packing isin large part driven because of the European Packing Directive. Every new concept of
packing has to go through alife cycle assessment as part of the decision process and an easy
accessible tool is provided on the SB Intranet Site, see figure 3 and 4.

SB Intranet Site:
Environmental Expert for Packaging
s & Environmental packaging reviews
e’ b ALY Rl - o Integrated into SB NPD packaging processes,
[ W | R& D Product Development Processes, etc.

e Compliancerequirement in Europe

Packaging Development

e Recognized industry best practice

=l
'
| ft'l
. Life Cycle Analysis | —

—| SB
Example: Oxy Daily Cleanser " | eEsE
amajor
e packaging reduced by 46% > || environmental
@ energy consumption reduced by 26% 2| award

k e e emissions cut by four tonnes annually o S| for this

Bemiberte |seeeree fime——— R ® sales up 40% <l pack

Sl -
Figure 3. SB Intranet Site Figure 4. Packaging Development

For pharmaceuticals R& D work has been ongoing for a couple of years. The goal isto develop a
framework tool for the scientist, much like the packaging tool. The task of getting life cycle data
is quite huge. We started out by contacting our suppliersto seeif datawas available but only a
couple of companies were actually able to deliver data. SB is working with professor Michael
Overcash, North Carolina State University to devel op a database essentially from scratch. At
present there is approx. 300 chemicals in the database whereof about 125 are SBs. A Life Cycle
Inventory-model showed that solvents in the products cause major environmental impacts, and
one of thefirst actions at SB was to develop a Solvent Selection Guide.

Total Cost Assessment

Another tool that is considered useful is Total Cost Assessment, which translates the impacts into
dollars. We believe that we can sell this concept easier in the business environment. People can
see dollars, whereasiit is hard to see global warming or eutrophication, when they do not even
know what that means. Dollars you can understand.

A prototype tool for total cost assessment has been developed and is being tested in different
companies, but there are still alot of gaps.

Green chemistry

With regard to Green chemistry, complex molecules, complex chemistry, and regulations
constrain pharmaceutical companies more than perhaps other industries. Up till now focus has
been on waste |oads which mostly means waste minimization that is not the right driver for
sustainability. To develop green chemistry in context with sustainability, we looked at all the
chemistry that we could find in the company for the last 10 years. We ended up with over 200
examples from 35 products. These were categorized. 25 chemicals represented 80% of al the
chemicals that we use. Now we are evaluating each of these for their greenness. The goal isto
come up with metrics similar to the sustainability metrics.
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BioLoGICAL CONTROL OF MICROBIAL GROWTH IN THE PROCESSWATEROF M OULDED PAPER
PuLP PRODUCTION - AVOIDING THE USE OF BIOCIDES

Gert Holm Kristensen and Martin Andersen

DHI - Water & Environment,

Agern Alle 11, DK 2970 Denmark

Abstract

Among the large water consuming industries are the paper mills, including paper mills based on
recycled paper. Recycling of the white water results in a build-up of components released from
the recycled paper and components added during the production. One of the serious problems
encountered when decreasing the water consumption through increased recycling, is caused by
the high concentrations in organics, COD, released from the paper. A major part of the COD is
easily degradable by microorganisms, which give rise to excessive microbia growth in the water
system, if not controlled. Such excessive growth of biomass in the water and production system
may lead to various problems and nuisances, like foul smell, corrosion, clogging, reduced product
quality, reduced hygienic quality of the working environment.

As part of alarge Danish project on industrial water management, CEV1, various scenariafor
optimising the water management at the recycled paper factories are being evaluated, aiming at
avoiding the addition of biocides for controlling the biological growth. The most promising
scenaria are being investigated experimentally. The scenaria comprise: avoiding the biofilm
growth by addition of dispergents; aerobic removal of organics,; anaerobic/aerobic removal of
organics, membrane filtration for removal of organics and subsequent anaerobic digestion of the
organics in the concentrate; The scenario evaluation activities include model simulations and
technical/economic/environmental evaluations.

Introduction

Aswater is getting alimiting resource water reuse has become more and more attractive in the
water consuming industries. Among the large water consuming industries are the paper mills
including paper mills using recycled paper. Recycling of the white water has already been
implemented in many mills, and the water consumption lowered significantly and even closed in
some cases. Closed water circuits have until now in most cases required large dosage of biocides
to control growth, and thereby avoid corrosion, bad odours and deterioration of the paper quality
produced.

Attempts to control the growth of microorganismsin the water system have been described in
literature. Some of these efforts have focused on optimizing the water circuit around the stock
preparation and the paper machine, while others focus on removal of the substrate and
microorganisms.

Biological treatment of the effluent wastewater from paper millsiswell known and described in
the literature. M6bius and Cordes-Tolle (1994) review the existing knowledge and best available
technology and discuss the possibilities of further reuse of water in the paper industry by using
biologically treated effluent in the process.
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The most common way of controlling the microbial growth today is the addition of various
biocides. However, due to the harmful impacts of biocides on the environment, the growth
control by biocides addition is not an attractive long-term solution and new control measures are
being investigated.

To control the biological growth in the water circuit without using biocides, different strategies
can be used. In table 1 the different mechanistic ways to control the growth and possible
technologies, which can be applied, are described.

Table 1. Control of microbiological growth: Mechanisms and Technologies

Mechanism Technology

Removal of the substrate Biological treatment,
Membrane filtration

Removal of the microorganisms Membrane filtration,

Killing of the microorganisms UV, Ozone, Biocides

The increased reuse of paper leads to a steadily deteriorating quality of the raw material and an
increased content of small organic molecules like volatile fatty acids. These organics are an
excellent substrate for bacterial growth, and if sufficient nutrients are present the growth will be
difficult to control. Removal of the substrate can be done by controlled biological growth in an
aerobic or anaerobic stage or by membrane filtration.

Removal of the microorganisms will solve the problems with the suspended bacteria but biofilms
will still develop in pipes and tanks and the effect will therefore be local. Killing of the bacteria
by ozone or UV has the same limitations. It will only be efficient locally, while growth till is
possible in pipes and tanks. The best solution thus seems to be removal of the growth potential
from the water through removal of the easily degradable organics.

Hartmann waste paper processing mill

Hartmann produces egg trays and other products of moulded paper from recycled newspapers.
The factory has implemented different water recycling methods to reduce the water consumption.
The white paper from the paper machinesis flotated before reuse for pulp preparation and at the
paper machines, partly for adjustment of the consistency of the pulp and partly for spray water at
the machines. The spray water requires low suspended solids content. A side stream of the
flotated white water is sand filtrated and reused for special technical purposes. With the
implemented water reuse technologies, the water consumption has been reduced to around 5-10
m>/ton of the product. The cleaning methods implemented until now have focused on removal of
fibres and other suspended solids leaving dissolved organics and inorganic substances unaffected.

The factory is now facing two major limits for further recycling:

- The content of dissolved organic matter has reached alevel where growth in the water system
is getting difficult to control.

95



INVITED PRESENTATIONS

- The concentration of different ionsis reaching alevel where precipitation in pipes and
nozzles may cause problems.

The system consists of 4 stock preparation pulping units and 10 paper machines for moulded
paper production. Part of the pulp is dewatered at a belt filter press before the paper machines to
establish water recirculation around the stock preparation and water recirculation around the
paper machines. A ssimplified flow sheet of the production and recirculating white paper is
presented in figure 1.

Wastewater
treatment .

Vapor

Raw ;

—P —ilcp — Product

materials

Pulper Pulp Paper Drying oven
preparation machine

Fresh
water

Figure.1  Flow-schemefor production of moulded paper.

Scenariafor avoiding biocide addition to white water system

A system analysis has revealed three conceptually different scenariafor control of the biofilm
growth potential in the white water system, without the addition of biocides. The scenariaare
showninFigs. 1, 2, and 3.

In the first scenario the growth potential in the white water system is reduced by biological
removal of the easily degradable organics in the white water.

In scenario 2, the biological growth is suppressed by removal of the organicsin the white water
by membrane filtration. The organics in the concentrate are utilised by biogas formation through
anaerobic fementation.

In the third scenario the pulp is washed and two water loops are introduced: one around the

pulper and one around the paper machine. The organics are removed from the water loop around
the pulper.
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The three scenaria are subjects to technical/economic/environmental evaluations. Mathematical
simulations and experimental investigations are applied in order to identify and design the
optimal concept for bio-growth control without the addition of biocides.

Besides the above mentioned scenariait is also being part of the study to investigate the
substitution of biocides with the addition of dispergentsto the process water system. The
mechanism involved is that microbiological growth is allowed to take place, but formation of the

problem causing biofilm is avoided through the addition of components affecting the tendency of
the microorganisms to adhere to surfaces.

Wastewater m

Biofilter with
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Vapor
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preparation machine
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water

Figure 2. Scenario 1. Removal of organics by biological treatment at white water loop.
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Figure 3. Scenario 2. Removal of organics by membrane treatment at white water loop.
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Figure4. Scenario 3. Removal of organics by biological (anaerobic) treatment at pulper
water loop.

Treatment and characterization of white water

Pilot plant experiments with bio-filtration at the Hartmann factory in Tonder (Jepsen et al., 1996)
have shown that it is possible to remove efficiently the easily degradable organics, thereby
reducing the growth potential in the process water system. Very high loads have been applied to
the biofilter due to the favourable growth conditions: easily degradable organics and a high
process temperature. Dosing of nutrients, nitrogen and phosphorus, to the biofilter were needed.
Effective control of the nutrient dosage was essential, as excess nutrients were recycled with the
treated water, resulting in an enhanced growth potential in the water system.

Oxygen utilization rate (OUR) measurements have been used to characterize the degradability of
the COD in the white water before and after biological treatment. OUR measurements give the
basis for calculating the different fractions of the carbon; easily degradable, easily hydrolysable,
and slowly degradable (Kristensen et al., 1992). From the OUR experiments it can be cal culated
that about half of the COD content in the white water can be removed in the biofilter. The rest of
the carbon will only cause minor problems with growth because it has to be hydrolyzed before
the microorganisms can utilize it.

Experiments with membrane filtration have shown, that it is feasible to apply this technology on
the white water (Knudsen et al., 1996). The experimental work was undertaken with ultra
filtration and further investigations are needed to explore the possibilities for reverse osmosis.

Before implementing new technology in the paper mill it is important to evaluate possible new
barriers for extended water reuse. At Hartmann the content of inorganic ions especially sulphate
and calcium may cause problems with precipitation. To reduce the water consumption further it
may be necessary to substitute aluminium sulphate with other chemicals in the production.
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Conclusions

From pilot plant experiments it was found that the biological filtration was an efficient way of
reducing the content of easily degradable organics; thereby reducing the growth potential in the
process water system.

Membrane filtration by reverse osmosisis another possible way of reducing the content of easily
organics in the white water. However, long-term experiments need to be undertaken if the
technical/economical/environmental evaluation points at this scenario as being attractive.

Separating the process water system into two systems; one system around the pulper and one
system around the paper machine; might be an attractive solution for removing the organics
released from the raw materials. The biological processes applied to remove the organics from
the pulper water loop are well known and process wise the scenario is considered feasible.

The mathematical simulation is considered a valuable tool for optimisation of each scenario, once
the scenario isidentified.

Large scale experiments are recommended with all scenarios before full scale imlementation, in
order to evaluate/quantify the impact; i.e. the biofilm growth control; on the process water
system.
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Abstract

This paper comprises the environmental feasibility study of 7 different scenarios for biological
control of microbial growth in the process water of moulded pulp production at Brdr. Hartmann
A/S. The study isasimplified Life Cycle Assessment of the environmental consequences of each
scenario compared to the present operation as reference. The Life Cycle Assessment comprises
material and energy flows within the cradle-to-grave system of all equipment to beinstalled in
the scenarios in question. The assessment proves an in-line anaerobic treatment to be
environmentally preferable and shows that the energy flows in the operation of the biological
plants are key to the environmental profile of the scenario.

1. Introduction

The Danish moulded pulp producer Brdr. Hartmann A/S continuoudly strives to improve the
environmental performance of their processes and the environmental profile of their products.
The company produces moulded pulp products, mainly egg trays, based on waste paper. A high
degree water reuse is implemented. Like for all paper mills of thiskind, control of
microorganisms in the water system is a necessity, and like other paper mills, Hartmann uses
biocides. Hartmann seeks, however, alternative ways of controlling the microbial growth in the
system in order to avoid the use of biocides, and the feasibility of biological control is being
investigated. Severa scenarios for

aerobic and anaerobic in-line treatment of the process water is being studied, and their technical,
economic and environmental feasibility assessed.

Asthe means of studying the environmental feasibility of a scenario, Hartmann uses Life Cycle
Assessments and this was the case also for studying these water reuse scenarios. Life Cycle
Assessment is, however, atime consuming discipline, and in this case, a simplified approach was
used, developed by Wenzel et al. (1999).

1.1 The Concept of Life Cycle Assessment

Environmental Life Cycle Assessment (LCA) isatool for assessing the environmenta impacts of
aproduct, or more precisely, of a product system required for providing a particular unit of
function. The term product system is taken to mean the product throughout its entire life-cycle,
from cradle to grave, in terms of al the economic processes involved. The term economic process
—employed as the converse of environmental process — refers to any kind of process producing
an economically valuable service such as e.g. amanufacturing process, a transportation or a
waste handling. LCA takes as its starting point the service provided by a product system and, in
principle, takesinto account as far as possible all the environmental impacts of all the processes
needed to provide this service — from resource extraction, through materials production and
processing, consumption or use of the product, to waste processing of the disposed product.
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L CA isnot one specific method, but rather aframework for a systematic and comprehensive
environmental assessment of goods and services. Traditionally, only detailed, quantitative LCAs
have been accepted as “real” Life Cycle Assessments, but both on the methodology side and in
practical applications more simple approaches are being developed and used. Three types of LCA
approaches can be identified (Christiansen ed., 1999):

(i) LifeCycle Thinkingiscommonly used term for qualitative discussion to identify the stages
of thelife cycle and/or the potential environmental impacts of significance e.g. for useina
design brief or in an introductory discussion of policy measures. The greatest benefit is that it
opens for a holistic view and helps addressing potentially essential implications of agiven
decision in awider scope. Life Cycle Thinking is mainly qualitative and does not support
addressing proportions.

i) Simplified LCA isan application of the LCA methodology for a comprehensive screening
assessment, i.e. covering the whole life cycle but in an overall manner without a great degree
of detail e.g. using generic data (qualitative and/or quantitative), standard modules for
transportation or energy production —followed by a simplified assessment, i.e. focusing on
the most important environmental aspects.

iii) Detailed LCA isan application of the LCA methodology for a detailed, quantitative life
cycleinventory analysis and life cycle impact assessment of all important environmental
aspects of the product system.

1.2 Simplified Life Cycle Assessment

LCA iscommonly perceived as being complex, time consuming and expensive, and many
potential users of LCA are put off asaresult of that. However, a“full” LCA, if such athing
exists, may not be required. In many cases, all that is needed is asimplified, cost effective LCA.

Simplification, however, may affect the accuracy and reliability of the results of the LCA. This
may make the LCA results of little value. What is needed is an LCA that involves less cost, time
and effort, yet provides answers/results that meet the goal of the LCA with a sufficient accuracy.
Thus, the aim of simplification must be to identify those areas within the LCA, which can be
omitted or simplified without jeopardising reliability.

A ssmplified LCA should cover three steps, which are iteratively linked (Christiansen ed., 1999):

1)  Screening: ldentifying those parts of the system or of the elementary flows that are either
important or have data gaps

i)  Simplifying: Using the findings of the screening and focusing the work on the important
parts of the system or of the elementary flows. Doing the LCA on these parts.

iii) Assessing reliability: Checking that simplifying does not significantly reduce the reliability
of the overall result.
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In all cases, an LCA study coversfour interrelated phases named 1) Goal and Scope Definition,
2) Life Cycle Inventory Analysis, 3) Life Cycle Impact Assessment and 4) Life Cycle
Interpretation. The goal and scope definition should not be simplified, but the other phases can be
simplified by applying methods of screening, simplifying and assessing reliability.

Goal and Scope Definition

All LCA studies should start with agoa and scope definition. The goal and scope definition should
state unambiguoudly the intended application, including the reasons for carrying out the study and
the intended audience, i.e. to whom the results of the study are intended to be communicated.
Because LCA isan iterative process, the scope of the study may be altered during the study asthe
insight increases and/or additional information is collected.

Inventory Analysis

In order to devel op effective simplification methods, it is obvious to address the Life Cycle
Inventory Analysis, which istypically the most time consuming phase, with the greatest potential
for savings. The Life Cycle Inventory Analysis phase offers the greatest scope for simplifying
due to its data intensive nature. The majority of methods to ssmplify the life cycle inventory
analysis are therefore aimed at reducing the data collection requirement.

In comparative LCA studies, it isimportant to ensure that the system boundaries, data quality and
data sources are as similar as possible for the product systems being compared, otherwise an
incorrect result islikely to be produced. The essential topics that have to be taken into
consideration during simplification are categorised below:

i) Data Priorities: The availability of dataisacommon problem in LCA. One, therefore, often
has to accept data that are not highly accurate. Some methods of dealing with data gaps are given
below with a descending order of accuracy:

Use calculated/ measured data

Use best available data from a similar product or process

Make estimates, e.g. educated guesses, estimated data from design and engineering figures or
from past experience and process knowledge.

Use data from regulatory requirements/legidlative limits

Use qualitative data, e.g. as often done in eco-labelling.

Since primary data that is specific to the product system under consideration israrely available
and necessitates very extensive data collection, secondary or generic data sources can be used i.e.
from literature or databases.

The problems that arise when using secondary data sources are mainly due to the poor
transparency of the data quality i.e. on how well the data represent the process/system in
question. Also, as final results are typically published, it is difficult to determine the relative
environmental impacts of the various stages of the life cycle and the contributions made by
energy generation, transportation, waste management etc. Difficulties also occur in comparing
different secondary data sources due to variations in data quality and system boundaries. In

102



INVITED PRESENTATIONS

addition, secondary data may not be representative of the whole industry, particularly if the data
is based on only a small sample of the industry.

i) Useof alimited number of inputsand outputs: Ideally, data should be collected on all the
environmental inputs and outputs, i.e. energy and raw material consumption and emissionsto the
air, water and land. However, it may be adequate to focus on only one area, e.g. energy
consumption, if other areas are equal for the compared systems.

Life Cycle Impact Assessment

Thelife cycle impact assessment phase will be simplified by regarding the choice of
environmental problem themes and issues and the cal culation of theme scores and weighting
factors.

One approach isto use impact indicators like for instance ‘ energy use’. Several smplified LCA
method use such an approach (Leffland et a., 1997), (Wenzel et al., 1999) using indicators for
energy related impacts, impacts related to chemicals and resource consumption.

Assessing Reliability

The aim of simplification in LCA isto derive results that are sufficiently reliable for the required
purpose, while putting in less effort than in a detailed LCA study. In order to check that a
simplified LCA achievesthis, thefina step in asimplified LCA needs to be the reliability
assessment.

Thereliability of asimplified LCA will depend on the same factors affecting the reliability of a
detailed LCA. The factors can be briefly categorised as:

i) Data quality and relevance, which ensures that appropriate data with respect to time
period, geography and process, are used. In addition to that, the data gabs have to be
filled. This can only be done by expert judgement.

i) Methodological choices. The overall reliability of the conclusions has to be related to the
goal and scope of the LCA study. For the overall the choice of functional unit, system
boundaries, goal definition, screening arguments are addressed.

iii) In simplified LCA, the data used may often be of lower quality/relevance than of afull
LCA. One way to check the reliability of the final result isto identify the key data (those
that most affect the final result) and then to check their level of uncertainty. This can be
done using sensitivity analysis. Thisanalysisis performed on selected parameters.

1.3 Thesimplification approach used in the study
The simplified LCA method used in the study was developed by Wenzel et a. (1999). The
approach to simplification is:
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1) to limit the scope of the study by using only very rough estimates for the life cycle stages
of product manufacturing and transportation. The method guideline (Wenzel et a., 1999)
justifies this and guides through how it is done,

i) to limit the inventory to look at inputs and, thus, use inputs as indicators of outputs. This
has been found to be adequate and often even better than to use data on measured
outputs/emissions,

i) to base the impact assessment on impact indicators in the categories. 1) materials
consumption, 2) energy consumption, 3) chemicals consumption and 4) “other”. This has
proven to be an operational way of covering relevant impact categories.

This approach saves alot of time and effort and is sufficient for many applications. The

difference between this simplified approach to the standard for detailed LCA’s (1SO, 1997) is
illustrated in table 1.
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Table 1. The components of a detailed L CA according to | SO 14040 compared to the used
simplification method (Wenzel et al., 1999)

LCA (1SO 14040)
- Simplified LCA (Wenzel et al,,
1999)
GOAL DEFINITION
- Goal Definition
- Scope Definition - Scope Definition
- Materias - Materias
- Manufacture - (Manufacture)
- Use - Use
- Disposd - Disposa
- Transport - (Transport)
Inventory Analysis
- Input data - Inventory Analysis
- Output data - Input data
Impact Assessment Impact Assessment
- Classification - Using aggregated environmental
- Characterisation indicators
- (Normalisation)
- Vauation
I nter pretation I nter pretation
- Decision - Decision

2. Life Cycle Assessment of water reuse scenariosin moulded pulp production

In pulp and paper industry, reuse of process water isin focus, and most companies strive to
achieve a high degree of recycling without compromising product quality or working
environment conditions. A high degree of recycling, however, improves conditions for microbial
growth in the system, and to control the growth, companies most often use biocides. Other
problems may follow a high degree of recycling, and the most commonly reported are:

1) Problems related to biocides.
i)  The concentration of salts giving rise to precipitations.
iii)  Corrosion of equipment.

In the effort to seek environmental improvements, Hartmann look for options to avoid the use of
biocides but still remain the same degree of water recycling or even increase this. One approach
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of achieving thisisto remove the substrate of microbial growth instead of combating the growth.
This could be done by an in-line biological treatment the plant. The biological processes may be
aerobic or anaerobic, or acombination of these modes may be used.

2.1 Scenariosfor water treatment and reuse

A number of scenarios using in-line aerobic or anaerobic treatment to remove the substrate for
microbial growth in the back-water was studied. They can be implemented in the back water at
different points, either close to the pulper or after the paper machine, see figure 1.
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There was a wish to include anaerobic treatment, because it was intuitively believed to be
potentially environmentally feasible due to the fact that energy (from methane) is produced
during the COD removal as opposed to aerobic treatment using energy for the COD removal.

Initial modelling in the PC-tool WinGEM S from the company Pacific Simulation allowed an
assessment of the steady-state conditions of the recycled water at various points of intervention of
the treatment plant in-line in the system. The following key information was available:

The water flow varies at the different points in the system. The dry matter concentration of
the pulp is highest in the pul per (4%) and lowest down stream in the paper machine (1.3%).
The water flow is, thus, highest just behind the paper machine. For the studied production
volume (which isjust part of the total production), the backwater flow at this point is around
200 m3/h.

For the studied production volume, the COD load from the raw materials amounts to 24 kg/h
of which around 50% is readily degradable in a biological treatment plant. The COD load of
the added chemicals corresponds to around 12 kg/h of which 75% is judged to follow the
product into the oven while 25% stays in the backwater. This COD isjudged to be readily
degradable. The load of readily degradable COD to the backwater is, thus, assessed to be
around 12+3 equal to 15 kg/h in total.

If atreatment plant is located to treat the total backwater flow and removes the readily
degradable COD, it is, thus, evident that the steady-state COD concentration in the inlet of
this plant isaround 75 mg/I.

Thismodelling clearly shows that anaerobic treatment is not feasible at this point of intervention,
the concentration of degradable COD is much too low. For an anaerobic plant to be attractive, the
concentration of degradable COD should be at |east five times higher, maybe even ten times
higher. Moreover, aluminiumsulphate is added to the system, and the sulphate concentration is
relatively high implying a high hydrogensul phide concentration in the gas.

The idea of segregating the system therefore arose, making a closed loop around the pulper,
where the water flow is much smaller and where sulphate is not yet added. The release of COD to
the water phase from the raw material was tested (Figueroa and Sanz, 2000) and found to be very
quick. After just 10 minutes, all degradable COD was released. Thiswould allow for segregating
the system after buffer tank 1, filtering (and washing) the pulp at this point, and keeping the COD
in a closed loop around the pulper at much higher concentrations — four to five times higher, and
with only asmall concentration of sulphate deriving from the raw material. If anaerobic treatment
should be technically/economically feasible at all, it should be at this point of intervention. It
might be necessary to treat the effluent from an anaerobic plant by an aerobic afterpolish in order
to remove volatile fatty acids generated in the anaerobic plant. And it still might be necessary to
have an aerobic treatment in the loop around the paper machine.

Therefore, a number of scenarios were modelled comprising a number of such combinations. One
scenario without segregation of the system in two loops comprising, thus, aerobic treatment of
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the backwater in one system. Plus a number of scenarios with anaerobic treatment in a pul per
loop and aerobic treatment in a paper machine loop asillustrated in figure 1. Moreover, the
implications of by-passing part of the water and treating only part of it were modelled and
included as scenarios.

In total, eight scenarios were assessed. It turned out, though, that the significant difference stood
between anaerobic treatment and aerobic treatment in general, and the comparison is, therefore,
shown here on four scenarios only.

2.2 Goal definition

The goal of the study was to compare aternative in-line biological water treatments to effectively
remove the substrate for microbial growth in the process water and, thereby, avoid the use of
biocides.

2.3 Scope definition

Only part of the total production volume at the company was studied, namely a production of
2500 kg/h of final product with adry matter content of 95%. Thisisthe overall service provided
by the studied system, and this service should be provided unchanged by whatever solution is
taken for the water treatment. Moreover, the service is specified to be provided for 25 years. The
period of 25 yearsis selected, because it corresponds to the life time of the treatment plants.

In order to effectively remove the substrate for microbial growth in the system, the treatment
plants would have to remove around 15-20 kg/h COD equivalent to around 3,300 — 4,400 tons
COD per 25 years. Thisremoval of COD from the process water corresponds to the daily COD
addition with raw materials and chemicals and has been judged to be sufficient to avoid the use of
biocides.

All candidates for a solution should provide this service, and should, moreover, be comparable on
anumber of other properties as well, see table 2.

Functional unit
Table 2 illustrates the qualitative and quantitative properties that the treatment plants used in the
scenarios have to fulfil.

Table 2. Functional unit of the studied scenariosfor water treatment and reuse
Qualitative - Allow to operate the system without the use of biocides

properties - Low manpower requirements for operation and maintenance

Not increase the amount of nutrients available for microbia growth
in the overall system

Quantitative - Theremoval of 15-20 kg/h COD continuously at the water
properties conditions of the system
Duration - 7daysaweek for 25 years
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The reason for specifying that the solutions should not give rise to an increase in available
nutrientsis, that nutrients, especially nitrogen, has been found to be limiting to the growth. A
nutrient increase might, thus, counterweigh the COD removal to some extent.

Secondary services of in-line process water treatment plants
Besides providing the service described above, the aerobic and/or anaerobic plantsin question
will lead to the secondary services through the following by-products:

Energy production from methane
Sludge as compost and/or energy recovery source

A treatment plant would, thus, not only provide the service of water treatment for which it was
intended, but also other useful services. The practical implication of the fact that these other
services are provided would be, that alternative ways of providing these services would be
substituted. In other words: if methane is produced and used, e.g. in Hartmann’s own heat &
power plant, which already runs on gas, natural gas would be substituted. And if biological
sludge from the plant is being incinerated in a municipa waste- or udge incineration plant from
which energy is utilised (which is the case for such plantsin Denmark), district heating and
electricity produced by this sludge incineration will substitute conventional fuelsfor producing
these utilities.

Of course, such substitutions caused by the secondary services imply environmental benefits, and
it often turns out to be the most important issues in the study, because the flows related to these
secondary services arerelatively large. Thisturns out to be the case in this study as well, just
consider the flow of 3,300 — 4,400 tons COD/25 years compared to the flow of materials for
constructing the treatment plants. In an anaerobic plant, this flow of COD is either turned into gas
or biomass (sludge) both giving rise to energy production in a subsequent incineration.

Another important flow being affected by the treatment plant is the final product:

Removing COD from the process water of course implies that less COD will follow the
product into the oven. Thiswill lead to a dlightly lighter product, as the COD is not
contributing to the product’ s intended properties, wherefore the weight loss will not be
compensated. As part of the product will be incinerated end-of-life in incinerators with
energy utilisation, thiswill imply aloss of energy production at this point, which has to be
supplied by conventional energy sources instead.

Asthe COD removal is specified in the functional unit, the implication of thiswill be the same
for all solutions. But the significance of it will have an influence on the magnitude of the
difference between the scenarios, and thereforeit isincluded.

Impact categories

Thereis no difference in chemical's consumption between the scenarios. On the contrary, the
functional unit implies the same impact on use of biocides from al scenarios and other chemicals
are not judged to be affected. The main difference between the scenarios lies in the implications
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on total energy consumption. No other impact categories are believed to be significantly different
from one scenario to the other. The study is thus a comparison on energy, taken as primary
energy consumption.

2.4 Inventory Analysis

Various data sources were used:
Basically, the production data was gathered from the company, Hartmann, itself.
Data on the treatment plants were taken from a number of sources having reported data on
wastewater treatment in anaerobic and aerobic plants. The essential data are electricity
consumption by the plants and sludge and methane production. The data quality of these data
is believed to be quite good.
Asearlier described, the datafor characterisation of process water are calculated by using
simulation that is made in a program called WinGEM S from Pacific Simulation. The model is
based on a steady state mass balance of water, suspended solids, sulphate and COD.
Specifications are production rate, water flow constraints, sulphate addition during
production, suspended solids concentrations and the COD release from the pulp with time.
Data on materials production for the various plants and on disposal processes were taken
from the EDIP LCA database (Frees, 1996). The data quality of these is good considering that
only energy datais used in the study.

The mass and energy flows related to each scenario were compiled, see table 3. The table
compares four scenarios. two scenarios in which the COD removal is done aerobically on the
backwater after the paper machine (one with a by-pass), and two scenarios in which the COD
removal is done anaerobically (in two different treatment plant types) in a closed pulper loop. In
the two anaerobic scenarios, 20% of the COD is anticipated to be removed in an aerobic
afterpolish.
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Table 3. Reference flows per functional unit in two aer obic and two anaer obic scenarios

= none. UASB = Upflow Activated Sludge Blanket, ICR = Internal Circuit Reactor

Flows Unit Scenario
Aerobic Anaerobic
Full With by-pass Full
UASB | ICR

MATERIALS
Concrete kg 7500 3750 21750 21750
Castiron kg 530 510 770 770
Steel kg 1000 520 1230 1230
Stainless Steel kg 2100 2100 2260 7550
Copper kg 220 120 200 200
Aluminium kg - 110 190 190
PE kg 2630 700 700 700
Use
Electricity MWh 10000 8000 2000 2000
Phosphorus kg 25600 21800 14800 14800
Nitrogen kg 128600 109200 73900 73900
Product COD incineration kg 1700000 1700000 1700000 1700000
CREDIT
Wastewater COD kg -2800000 -2800000 -2800000 -2800000
degradation
Methane kg - - -854100 -854100
Sludge (dry matter) kg -1073100 -908850 -547500 -547500
DisposaL
Shredding kg 50 26 44 44
Manual Separation kg 6000 4200 6800 11900
Incineration kg 2370 640 640 640
Landfill kg 6270 3250 17360 17470
REUSE/RECYCLE
Remelting

Stainless steel kg 2060 2060 2210 7400

Al/Silicon kg - - - -

Copper kg 50 26 44 44

Steel kg 1530 1520 3870 3870

Concrete kg - - - -
CREDIT
Stainless Steel kg -2060 -2060 -2210 -7400
Al/S kg - - - -
Copper kg -50 -26 -44 -44
Steel kg -900 -470 -1100 -1100
PE incin. (energy credit) kg -2370 -640 -640 -640
Concrete kg - - - -

Materials

Asis evident, the anaerobic scenarios requires more materials that the aerobic, because the
needed hydraulic retention time in the anaerobic reactor is much higher than in the aerobic
reactor. Thisimplies amaterial consumption of the anaerobic scenarios of around twice the
amount of the aerobic scenarios — equal to around 14 tons — primarily in concrete and steel.
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Manufacture

No significant differences are believed to lie in the manufacture of the plant, compared to
materials consumption, use and disposal of the plant, and the manufacturing stage is not included
at all.

Use

Data on electricity consumption of an aerobic biofilter in another aplication is known to be
around 2.5 kWh per kg COD removed, and thisfigure is used here. As seen, it amounts to 10,000
MWh for the full aerobic scenario compared to 2000 MWh for the anaerobic scenarios, being the
electricity used for aeration in the aerobic afterpolish of 20% of the COD.

Nitrogen and phosphorus addition to the water just prior to the plants are needed for optimal
COD removal, and this can be done without increasing nutrient content of the effluent of the
plants as the nutrients are fully taken up by the biomass of the plants. Evidently, the aerobic
scenarios need more nutrients than the anaerobic ones, because of the higher sludge production of
the aerobic plants.

In today’ s steady-state situation, COD in the circulating process water is around 3000 mg/I.
Moreover, around 40% of the water |eave the system through the ovens and the rest viathe
wastewater effluent. Thisimplies that 40% of the COD follows the product, equivalent to around
1700 tons per 25 years. As a conservative estimate, thisis taken as being fully incinerated in
order to see the significance of this. The flow isequal for all scenarios, but isincluded because it
is altered compared to today’ s reference and in order to see the significance of it compared to the
differences between the scenarios.

Therest of the COD leaves the system via the wastewater, where it isfirst let to Hartmann’s own
wastewater plant and subsequently to the municipal plant further downstream. In these plants,
electricity is used to remove the COD. Thisflow is, of course, also equal for al scenarios,
because the COD removal is specified in the functional unit, but it isincluded for the same
reasons as above.

Methane production is of course only present in the anaerobic scenarios, and here in an amount of
around 850 tons per 25 years equivalent to around 1.2 mill. m3. Sludge production is highest for
the aerobic scenarios, judged to be twice as high (remember the 20% aerobic COD removal in the
anaerobic scenario), equivalent to around 1000 tons of sludge dry matter per 25 years.

Disposal
On disposal, concrete will be deposited, metals primarily recycled and plastic incinerated — as
seen from table 3.

Most significant flows

As evident from table 3, already at this Inventory Analysis phase of the LCA, the flows of the
operation of the wastewater treatment plants are seen to be the significant flows. The other life
stages of the plants seem to be of no significance to the total burdens from the scenarios. The key
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isthe fate of the COD in the scenarios, and the energy flows thisfate givesriseto. Thisis
subsequently assessed in the impact assessment phase.

2.4 Impact Assessment

Data on energy consumption of the materials, energy efficiency of electricity production, energy
utilisation in waste- and sludge incinerators etc. has been available (Frees, 1996), (Wenzel et al.,
1999), and the mass-and energy flows per functional unit as presented in table 3 have been
trandated into consumption of primary energy. Primary energy is the energy content of the
resulting fuels entering the system, when all flows are followed to the initial extraction of raw
materials and fuels from ground.

The primary energy flows of the four compared scenarios are shown in table 4.
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Tabe 4. Primary energy flows per functional unit in two aer obic and two anaer obic

scenarios

- = none. UASB = Upflow Activated Sludge Blanket, | CR = Internal Circuit Reactor

? = nodata available

Flows Unit Scenario
Aerobic Anaerobic
Full By-pass Full
UASB | ICR

MATERIALS
Concrete MJ 15,150 7,496 43,500 43,500
Cast iron MJ 30,475 29,440 44,160 44,160
Steel MJ 35,028 18,284 43,050 43,050
Stainless Steel MJ 181,040 168,080 180,720 604,320
Copper MJ 20,000 11,000 18,000 18,000
Aluminium MJ - 19,000 32,000 32,000
PE MJ 210,000 56,000 56,000 56,000
Use
Electricity MJ 36,000,000 28,800,000 7,200,000 7,200,000
Phosphorus MJ ? ? ? ?
Nitrogen MJ ? ? ? ?
Product COD incineration MJ 30,600,000 30,600,000 30,600,000 30,600,000
CREDIT
Wastewater COD MJ -25,200,000 -19,000,000 -25,200,000 -25,200,000
degradation
Methane MJ - - -50,400,000 -50,400,000
Sludge MJ -10,731,000 -9,088,500 -5,475,000 -5,475000
DisposaL
REUSE/RECYCLE
Remelting |

Stainless steel MJ 60,000 60,000 66,000 222,000

Copper MJ 2,500 1,300 2,200 2,200

Steel MJ 23,000 23,000 58,000 58,000
CREDIT
Stainless Steel MJ -60,000 -60,000 -66,000 -22,000
Copper MJ -4,500 -2,300 -4,000 -4,000
Steel MJ -900 -470 -1,107 -1,106
PE (incineration) MJ -71,000 -19,000 -19,000 -19,000
& LIFECYCLE M3 ] 31,000,000 | 31,000,000 |  -43,000,000 |  -42,000,000

2.5 Interpretation

The significance of the use stage of the plantsis now fully evident, and it is seen that the
difference between the aerobic and the anaerobic scenariosis quite significant aswell. A
magnitude of 74,000,000 MJis equivalent to aimost 2000 tons of oil. In monetary terms, this
amounts to around 2.2 mill DKK or around 0.3 mill US$ with the Danish oil-price of 1,1
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DKK/kg of fuel oil (0.14 US$/kg). Per years, thisis a quite low economic difference — around
12,000 US$/year.

Hartmann sees around the same difference, namely the difference between electricity
consumption of the plant and methane production, and this amounts to around 80,000,000 M J/25
years, the yearly difference on operation costs, thus, being around the 12,000 US$/year.

Itis, therefore, clear that the anaerobic plant should not be much more expensive than an aerobic
one, if economy is decisive. Moreover, an aerobic plant is |less troublesome and time consuming

to run and gives less odour problemsin the factory. Technical criteria are, therefore, in favour of

the aerobic plant.

References
Chrigtiansen K (ed.) (1999): Simplifying LCA — Just a Cut? SETAC Europe Working Group in
Simplification of LCA, 1999.

Wenzel H, N Caspersen and A Schmidt (1999): Life Cycle Check — A Guide. Institute for
Product Development, 1999 (In Danish). An English version of 2000 exists.

Leffland K and H Kaggaard (1997): Comparing Environmental Impact Data on Cleaner
Technologies. European Environment Agency, Technical report, no. 1, December 1997.

FigueroaM C and D Sanz (2000): Laboratory Scale Characterisation and Simulation of Pulp and
Process Water of Moulded Pulp Production. Identifying Options for Preventing Growth of Micro-
organisms by Removing their Substrate. Master Thesis, Technical University of Denmark, 1PT-
098-00.

Frees N and Pedersen MA (1996): EDIP Unit Process Database. Ministry of Environment and
Energy, Danish Environmental Protection Agency. Copenhagen 1996. ISBN 87-7810-547-1

International Organisation for Standardisation, 1SO (2000): Environmental management — Life
cycle assessment — Principles and framework. International standard 1SO14040: 1997 (E).

116



POTENTIAL AND FRAME PROGRAME IMPLEMENTATION OF CLEANER
PRODUCTION IN THE ARMY OF THE CZECH REPUBLIC

Frantisek BOZEK*
Jan TEJFA®
Ales KOMAR*
Karel DUSATKO*

* Military University, Faculty of State Defence Economy, Vyskov
*Czech Cleaner Production Centrum, Prague

The transformation of the Army of the Czech Republic which is in progress in
connection with significant international-political changes, out of which joining the NATO
structures is undoubtedly dominant, brings a lot of tasks which must be solved promptly. In
relation to the environment protection, it must be admitted, the Army adopts the legislation
traditionally, nevertheless, from the viewpoint of active approach to environmental problems
there are still many reserves. Namely, there are qualitatively new instruments, the application
of which can make using resources significantly more effective and can reduce the impact of
training and peacetime life of troops on the environment in economically effective terms.
Undoubtedly, the implementation of environmental management systems, energy audit
performance, risk assessment, the application of Life Cycle Assessment method and, last but
not least, the Cleaner Production method [1].

The mentioned issues are taken into account accordingly on national levels of developed
countries as well, which, namely in the Czech Republic, is demonstrated by the acceptance of
the Government Decree concerning the National Programme of Cleaner Production which the
defence sector belongs to. [2].

The interest of the armies of developed countries in the cleaner production
implementation is not accidental. It results from the high potential for the cleaner production
in the defence sector. The origin of the potential is affected by the variety of army’s tasks
within the framework of fulfilling its mission with regard to the society, consequently the
extensive spectrum of activities and materials used. The cleaner production potential in the
defence sector must be taken as the possibility of reducing the production of waste and
pollution by the more effective use of inputs and at the same time reducing material and
energy costs while the existing quality of training and all functions of the armed forces are
preserved.

From the viewpoint of the analysis concerning the possibilities of applying cleaner
production it is necessary to divide the defence sector into individual sub-areas. In our opinion
the following classification is optimal:

a) Material management.

b) Operation, maintenance and repairs of equipment.
¢) Building resources

d) Training.
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It has been claimed that the quantity of material classes used in the army is considerable
and very heterogeneous by its character. They can be divided based on various aspects.
However, concerning the cleaner production their division will be effective pursuant to the
time durability:

a) Materials, the consumption of which is limited by time and which must be disposed after a
certain time if they are not used. This class includes e.g. major part of ammunition,
decontamination liquids, foodstuffs, most of medical and veterinary material,
medicaments etc.

b) Materials, the use of which is limited exclusively by the development of new types and
procedures and are substituted owing to the modernisation (rearmament). For example,
armament, particular kinds of engineer, chemical, signal and building material, electronic
systems etc. belong to this class.

¢) Other material which is usually characterised as consumption material with undefined
durability, such as for example some kinds of personal use material, cleansing articles etc.

In the sphere of the material management the high potential is expected, especially in
connection with organisational measures which will certainly allow to reach the fast eco-
economic effect without expending higher investments. The potential lies mainly in the field
of communication among individual military units and institutions or the civilian sector so
that materials can be handed over, exchanged or sold before the durability date expires. The
measures presume the provision of developed material logistics, partially expending
investments to build necessary information networks. Logistics is related to ordering,
purchasing, accounting, storing, and consuming materials. Certain possibilities of the
mentioned type can be also found with materials having the lapse term of persistence (certain
kinds of chemical, engineer and other materials). These materials have the character of
relatively clean substances. Their processing in some of appropriate chemical industry
branches is possible even if changes in the chemical composition caused by time and storage
conditions can prevent from using some substances. Moreover, the type of improvement
already presented is not included in the cleaner production. The potential can be also found in
the method of rate and composition prescription of emergency rations, namely concerning the
ACR membership in the NATO structures and the possibilities resulting from this [3].

Regarding the operation, maintenance and repairs of equipment, the significant
potential can be expected here as well. In the sphere of logistics it is mainly a matter of
transport exploitation, which in the final consequence could lead to the reduction of
kilometres covered and thus the reduction of fuel consumption. The assessment of appropriate
use concerning existing kinds of tyres and their possible change would probably require
higher investment costs with the longer pay-off period. Logistics relating to fuel, spare parts,
preventive maintenance and equipment preservation would certainly detect the other reserves.
These, undoubtedly, can be found when refuelling, changing oils, handling them etc. The
method of washing equipment on conveyor washes has a specific position in this group
where, for example, using the circulation of rinsing water and continuous water cleaning can
affect the water requirement markedly and especially the degree of surface moisture pollution.
By analogy, as in the previous class of materials, the interesting potential exists here as well,
namely in the rate prescription of emergency rations.

Problems of building resources are parallel in the civilian sector. The potential can be
found especially in the reduction of the energy demand factor of buildings which are heated.
These are often old, designed in the past when only the irrelevant attention was paid to
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thermal insulating parameters of constructions. The heat distribution usually is in emergency
conditions and does not allow temperature control.

Concerning the financial aspect the highest potential can be found quite certainly in the
area of training which is often carried out using mock-ups and simulators. Higher quality of
training is provided, costs are reduced significantly, safety is higher, the effectiveness of using
armament is increased, operational research is exploited and at the same time ill-effects on the
environment are eliminated. Simulators and simulating activities represent the most effective
approach concerning the training of armies when trends of sustainable development are
integrated at present. [4]. Nowadays, up to 65% of training using simulations is implemented
in NATO armies and the mentioned percentage is going to increase in the future. Moreover,
consumption logistics plays a significant role in the system of classical training, which
represents another potential.

Based on the above-mentioned analysis it is obvious that in the defence sector there is
an enormous potential of cleaner production in agreement with theoretical considerations. In
the next period of time it will be necessary to find appropriate forms of possible
implementation and to define possible obstacles which could affect the implementation of the
mentioned process in a negative way. The mentioned obstacles will have to be eliminated on a
large scale.

We consider the most significant obstacles to be:

a)  Classified matters security [5]. Removing this obstacle can be carried out by the
training of selected army personnel. They will participate in developing demonstrational
projects while civilian experts are supposed to provide general methodological
instructions.

b) Minimal interest in co-operation on the level of bases, e.g. input-output analyses.
This obstacle can be partially eliminated by the appropriate choice of facilities, by
explaining tasks in detail and training personnel involved. It will be necessary to
explain which effects the project will bring and further that it is not a matter of revision
which possible sanctions will result from.

c) Low motivation to achieve savings. It is necessary to find a suitable mechanism to
motivate entire units, personnel of military facilities. There are several opportunities the
most important of which, we believe, are the following:

perfect management structure inside the army which will be able to use to manage
cleaner production projects

further improvement of the accounting system of all materials, their consumption,
using equipment etc.

The goals of cleaner production implementation are to enhance the exploitation of
resources in the military sector and to reduce environmental impacts in economically effective
terms. To achieve these goals we propose to train selected personnel from the army in the first
phase. These should be regional ecologists and ecologists or experts having cumulated duties
of an ecologist in selected units and military facilities. Also selected experts from military
universities possessing appropriate specialised orientation. Some of them are expected to start
developing demonstrational projects under the leadership of experienced consultants from the
Cleaner Production Centre. These projects should be chosen specifically to prevent the leak of
classified matters. We recommend to involve for example military kitchens, laundries, steam-
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boiler plants, equipment to repair personal use material etc. The second part of participants
should manage the demonstrational projects in selected bases where they are going to work
with classified matters. The co-operators from the civilian organisation will not participate
directly. They will provide methodological advice without any familiarisation with concrete
military data.

The measures where there are no investments should be prioritised, namely of
organisational character which will be found in the course of the project development. By the
application of these projects financial means should be gained for the gradual implementation
of the capital-intensive measures which should have the rate of return shorter than three years.
In this way further means should be achieved, but relevantly higher which should later serve
to cover the most capital-intensive project.

Costs to execute demonstrational projects should not exceed a certain value — in our
opinion — 5 million crowns related to our army including extra payments for army workers
who will be involved in the project development.

In conclusion it is necessary to remark, that Cleaner Production is one of the significant
proactive tools which is used by civilian enterprises to reduce of quantity of produced waste
and production effectiveness increasing. Its implementation can lead to relevant improvement
environmental safety in the military sector.
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